Cold stress defense in the freshwater sponge Lubomirskia baicalensis. Role of okadaic acid produced by symbiotic dinoflagellates.
The endemic freshwater sponge Lubomirskia baicalensis lives in Lake Baikal in winter (samples from March have been studied) under complete ice cover at near 0 degrees C, and in summer in open water at 17 degrees C (September). In March, specimens show high metabolic activity as reflected by the production of gametes. L. baicalensis lives in symbiosis with green dinoflagellates, which are related to Gymnodinium sanguineum. Here we show that these dinoflagellates produce the toxin okadaic acid (OA), which is present as a free molecule as well as in a protein-bound state. In metazoans OA inhibits both protein phosphatase-2A and protein phosphatase-1 (PP1). Only cDNA corresponding to PP1 could be identified in L. baicalensis and subsequently isolated from a L. baicalensis cDNA library. The deduced polypeptide has a molecular mass of 36 802 Da and shares the characteristic domains known from other protein phosphatases. As determined by western blot analysis, the relative amount of PP1 is almost the same in March (under ice) and September (summer). PP1 is not inhibited by low OA concentrations (100 nm); concentrations above 300 nm are required for inhibition. A sponge cell culture system (primmorphs) was used to show that at low temperatures (4 degrees C) expression of hsp70 is strongly induced and hsp70 synthesis is augmented after incubation with 100 nm OA to levels measured at 17 degrees C. In the enriched extract, PP1 activity at 4 degrees C is close to that measured at 17 degrees C. Immunoabsorption experiments revealed that hsp70 contributes to the high protein phosphatase activity at 4 degrees C. From these data we conclude that the toxin OA is required for the expression of hsp70 at low temperature, and therefore contributes to the cold resistance of the sponge.